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activity-types have returned to pre-pandemic levels in the years since,
making it critical to examine trends across both pre-and post-
pandemic periods.

Methods

OpenSAFELY-TPP was used to access linked electronic health record
data, covering approximately 2,600 general practices (about 40% of all
practices in England) and 26 million registered patients in England
using TPP SystmOne software (2018-2025). Our analysis focused on
weekly and aggregated rates of A&E attendances and hospital
admissions during the flu and winter months (October to February),
comparing patterns before and after the COVID-19 pandemic.
Practice-level exposures included consultation rate per capita, practice
size, region, and patient case-mix variables (e.g. age, sex, ethnicity,
deprivation, multimorbidity). Outcomes included weekly rates of A&E
attendances, total hospital admissions, and admissions for ACSCs.

Analyses

We will summarise variation in practice characteristics, registered
patient sociodemographics, case-mix, and service use across time
periods. Associations between exposures and outcomes will be
examined using generalised linear models, with additional subgroup
analyses by age distribution. Sensitivity analyses will assess alternative
flu season definitions and account for holiday and extreme weather.

Discussion

This high-level descriptive study will provide valuable insights into
variation in secondary care use across general practices and identify
practice-level and case-mix factors that may contribute to winter
pressures. The inclusion of both pre- and post-pandemic data will
provide essential benchmarking data for future health system
planning and further understanding of how the general practice
context and patient case-mix affects hospital demand.

Keywords
General practice characteristics; hospital admissions; A&E
attendances; Ambulatory care; ACSC; OpenSAFELY.

Aarhus, Denmark

Any reports and responses or comments on the

article can be found at the end of the article.
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Background and rationale

Primary and secondary care services in England experience
increased pressures during the winter. Multiple factors can
contribute to these pressures, including seasonal epidemics of
respiratory infectious diseases such as COVID-19, influenza
(flu), and respiratory syncytial virus (RSV)', increased cardio-
vascular disease incidence™’ and the increasing healthcare needs
of a growing and ageing population with multiple long-term
conditions’. However, despite the increasing demand, the
capacity of primary care has not scaled correspondingly due to
a decrease in qualified workforce numbers between 2015 and
2022°.

Pressures at the primary and secondary care levels are likely
interrelated, with heightened primary care pressures and unmet
demand having downstream consequences in secondary care,
potentially significantly impacting resources, costs, and the
quality of secondary care services. In England, unplanned hos-
pital admissions account for 67% of hospital bed days and
cost £12.5 billion annually (Department of Health, 2013)°.
Managing the demand for unplanned admissions has become
a critical policy priority, with general practice playing a vital
role in mitigating this burden.

Ambulatory Care Sensitive Conditions (ACSCs) are conditions
for which timely and effective primary care can prevent hospi-
tal admissions, for example: asthma, diabetes, chronic obstruc-
tive pulmonary disease (COPD), hypertension, and angina’.
There is considerable variability in ACSC admission rates
across general practices, even after accounting for patient demo-
graphics and chronic disease prevalence®’. This suggests that
practice-level factors, such as consultation provision rates,
list size, region and rurality, and area-level deprivation may
significantly influence secondary care utilisation'’.

Existing evidence highlights that practice-level characteristics
(such as consultation provision rate) and patient case-mix
(such as age), may be associated with variations in ACSCs
admissions'""'">. Describing the association between these prac-
tice characteristics and secondary care admissions is critical
for developing strategies to manage demand and reduce
pressures across the healthcare system.

Aim

To investigate the relationship between general practice-level
characteristics, including practice characteristics, patient socio-
demographics and case-mix, and registered patients’ use of
secondary care services, and if this varies over time by ACSC
and patient age.

Research questions
1. Are there variations in weekly hospital attendance/admis-
sion across general practices during the flu and winter
months (October - February) pre-pandemic (2018-2019)
and post-pandemic (2022-2024)?

2. Are general practice characteristics and registered
patient sociodemographics & case-mix associated with
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the weekly rate of hospital attendance/admission dur-
ing the flu and winter months? Have these associations
changed over time in the pre-pandemic (2018-2019)
and post-pandemic periods (2022-2024), or by patients’
age?

3. Are the above characteristics and case-mix associ-
ated with the rate of hospital attendance/admissions for
ACSCs (asthma, diabetes, COPD (including bronchitis),
hypertension, and angina) vs non ACSCs during the flu
and winter months, and have these associations changed
over the pre-pandemic and post-pandemic periods,
or by patients’ age?

Methods

Data sources

This study will use general practice electronic health records
(EHRs) accessed via the OpenSAFELY-TPP platform. General
practice data will be linked to the following data:

e Secondary Uses Services (SUS)
o SUS Admitted Patient Care

o SUS Emergency Care
e Office of National Statistics (ONS) death registry
e Second Generation Surveillance System (SGSS)

e Index of Multiple Deprivation (IMD) - patient-level

Study population

Our study population consists of approximately 2,600 gen-
eral practices in England (with about 26 million registered
patients) between 2018 and 2024. This represents about 40%
of general practices in England, and 42.6% of England’s
population’®. All practices providing EHR data will be included
in the analysis (i.e. regardless of whether they close or merge
during the study period), as this is a descriptive study aim-
ing to provide snapshots of real-world patterns in general
practice characteristics and case-mix, and secondary care
attendances/admissions. Patients will be included if they are
alive and registered in an English general practice using the
EHR software provider TPP at the start of each study period.

Timeframes and cohorts

We will describe the data for the time periods before and after
the COVID-19 pandemic, as the pandemic caused significant
disruptions to general practice consultations' and secondary
care attendances/admissions'>'¢:

e Pre-pandemic: January 2018 to March 2020

e Post-pandemic: April 2022 to March 2024

We will assess the associations between general practice char-
acteristics and secondary care admissions/attendances over 5
months, encompassing the flu and winter seasons (October to
February, inclusive). Full details of the overall study periods
for each cohort, including the specific timeframes for exposure
and outcome variables, are provided in Table 1.
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Table 1. Summary of cohorts and study-period definitions.

Pre-pandemic, cohort 1  Post-pandemic, cohort 2 Post-pandemic, cohort 3
Cohort start date 10ct 2018 1 0ct 2022 1 0ct 2023
Cohort end date 28 Feb 2019 28 Feb 2023 29 Feb 2024
Exposure variables: practice-level characteristics & registered patient case-mix

Consultation provision rate: Numerator: Monthly count of consultations

Total consultations per 1,000 registered patients at Denominator: Practice list size at the start of each month

the practice
Time period: 12 months before each cohort start date; monthly rates
calculated and then aggregated to a yearly rate.

% of eligible patients who are vaccinated for: Numerator: Count of registered patients who received the relevant vaccination
“Flu (flu, COVID, or pneumococcal) in the 1-year period before the cohort start date.
_COVID Denominator: Count of patients eligible* for the relevant vaccination in the
1-year period before the cohort start date.
- Pneumococcal
*Eligibility for free vaccination in general practice:
e Flu: Aged =65 years, aged 2-3 years, or pregnant
e COVID: eligibility criteria will depend on cohort, as guidelines have
changed over time.
e Pneumococcal: Aged >65 years
Time period: One year before each cohort start date.
Patient list size; Practice geographic region; Numerator: Count of registered patients with each characteristic at the cohort

) ) start date.
% registered patients:

- Female;

- Age (0-5, 5-15, 65-75, 75-85, 285 years); Time period: At cohort start date (i.e. as of October 1).
- Ethnicity (White, Black, Asian, Other/Mixed)

- Current smokers;

- Obese (BMI >30);

- Reside in each IMD quintile, according to their

postcode;

- That reside in an urban or rural area, according to

their postcode

Denominator: Practice list size at the cohort start date.

Average Cambridge Multimorbidity score (CMS) per ~ Numerator: Sum of individual CMS scores for registered patients aged 220
practice'” years at the cohort start date.

Denominator: Total number of registered patients aged >20 years in the
practice at the cohort start date.
Time period: At cohort start date (i.e. as of October 1).

Outcome: Weekly rate of A&E attendances and hospital admissions during flu & winter months or, for a more aggregated
description, the overall winter-month rate.

Weekly rate of A&E attendances per 100,000 Numerator: Weekly counts of A&E attendances or hospital admissions
registered patients at the practice Denominator: Practice list size at the start of each week

Weekly rate of hospital admissions per 100,000 i L ) )
registered patients at the practice Time period: From each cohort start date to end date (i.e. the flu and winter

months, October-February); calculated as a weekly rate over this period.

Outcome: Weekly rate of A&E attendances and hospital admissions in flu/Winter months for ACSCs or, for a more aggregated
description, the overall winter-month rate for ACSCs

Weekly rate of A&E attendances for ACSCs per Same definition and structure as the primary outcomes, but will be restricted to
100,000 registered patients at the practice the primary five Ambulatory Care Sensitive Conditions (ACSCs):
e Asthma

e  Chronic Obstructive Pulmonary Disease (COPD)
e Diabetes

e Hypertension

e Angina

Time period: From each cohort start date to end date (i.e. the flu and winter
months, October-February); calculated as a weekly rate over this period.
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Exposure variable definitions

All the exposure variables will be regarded as time in-variant
and assessed either on or before the flu and winter months (as
detailed in Table 1), depending on the required observation
timeframes. Definitions for each exposure variable are provided
in Table 2, encompassing both practice-level characteristics
and registered patient sociodemographic and clinical case-mix.
A summary is provided below:

Practice-level characteristics consist of the region of practice
location (nine regions defined using the International Territorial
Level 1 region of England), registered patient list size, and
consultation provision rate. Patient list size is defined at the
start of the time period specified in Table 1, and is used as the
denominator for all practice-level measures to facilitate com-
parisons across practices. Consultation provision rate will be
calculated for the full year preceding the flu and winter months,
to reflect overall practice activity.

Wellcome Open Research 2025, 10:396 Last updated: 24 JAN 2026

Registered patient sociodemographic variables are calcu-
lated as proportions of the total registered patient population
within each practice at the start of the flu and winter months.
These include the proportion of:

e Female patients (sex);

e Patients aged 0 to <5 years, 5 to <15 years, 65 to <75,
75 to <85, and =85 years (age);

e Patients classified as White, Mixed, Asian or Asian
British, Black or Black British, Chinese or Other Ethnic
Groups (ethnicity);

e Patients residing in different socioeconomically deprived
quintiles, as defined by the Index of Multiple Deprivation
(IMD; deprivation);

e Patients living in urban or rural areas, based on rurality
classification.

Table 2. Exposures and data sources.

Exposures Definition

Practice characteristics

North East;

North West;

Yorkshire and The Humber;
East Midlands;

West Midlands;

East of England;

London;

South East;

South West.

Practice geographic
region

Practice list size

Consultation
provision rate

Practice-level registered patient sociodemographics and case-mix

Total number of patients registered at the practice.

The monthly consultations at each practice, per 1000 registered patients, summed over
12 months prior to the flu & winter months.

Data sources (see
Extended data)'®

Primary care

Primary care

Primary care

Sex Proportion of registered patients by sex: male, female, unknown. Primary care
Age Proportion of patients in each age band: 0-5, 5-15, 65+, 75+, 85+ years, unknown. Primary care
Ethnicity Proportion of patients classified as White, Mixed, Asian or Asian British, Black or Black SNOMED

British, Chinese or Other, Unknown.
Deprivation
considered

Rurality

Proportion of patients living in each IMD deprivation quintile: 1 (most deprived), 2, 3,
4, 5 (least deprived), unknown; median IMD quintile of registered patients may also be

Proportion of patients living in each rurality classification: 1 (Urban major conurbation),

Index of multiple
deprivation

Primary care

2 (Urban minor conurbation), 3 (Urban city and town), 4 (Urban city and town in a sparse
setting), 5 (Rural town and fringe), 6 (Rural town and fringe in a sparse setting), 7 (Rural
village and dispersed), 8 (Rural village and dispersed in a sparse setting), unknown.

Current smoker
proportion

Obesity proportion

Proportion of patients recorded as current smokers

Proportion of patients with a diagnosis of obesity or BMI >30

CTV3

SNOMED,
ICD10

Page 6 of 16



Exposures Definition

Cambridge
Multimorbidity Score
(CMS) - mean CMS
per patient in each
practice

conditions:

Hypertension
Anxiety/depression
Painful condition (Osteoarthritis)
Hearing loss

Irritable bowel syndrome
Asthma

Diabetes mellitus
Coronary heart disease
Chronic kidney disease
10. Atrial fibrillation

11. Constipation

© N o vk wN =

o

12. Stroke/transient ischemic attack (TIA)

13. COPD

14. Connective tissue disorder
15. Cancer

16. Alcohol problems

17. Heart failure

18. Dementia

19. Psychosis/bipolar disorder
20. Epilepsy

Practice Level CMS =

Take the average score across all registered patients within each GP practice using 20

Wellcome Open Research 2025, 10:396 Last updated: 24 JAN 2026

Data sources (see
Extended data)'®

SNOMED

2(Individual CMS for registered patients = 20 yearsold)

Total registered patients 2 20 years old in practice

Vaccination - Flu
year prior to flu & winter months

Vaccination -
COVID-19

Post-pandemic:

Proportion of eligible registered patients who received the vaccine in primary care for the

Pre-pandemic: Variable will not be defined

SNOMED flu
vaccination codes

SNOMED COVID-19
vaccination codes

Proportion of eligible registered patients who received >2 doses during pandemic and
>1 dose after 2022, in line with UK vaccination guidelines introduced after 2022.

Note: All exposure variables are continuous, except for practice region (categorical) and practice list size (count variable).

Depending on the distribution of the data, deprivation may also
be summarised using the median IMD quintile of registered
patients within each practice. Similarly, rurality may be con-
verted from a proportion-based measure to a binary categorical
variable (urban/rural) if most patients within a practice share
the same classification. The proportion of patients with missing
data on sex, age, ethnicity, deprivation (IMD), or rurality will
be reported to assess the completeness of sociodemographic
information across practices.

Registered patient case-mix variables are also expressed as
proportions of the total registered patients at each practice.
These include:

e The proportion of current smokers

e The proportion of patients with a BMI >30 or a recorded
diagnosis of obesity.

e The multimorbidity burden, which is quantified using the
mean (or median, as appropriate) Cambridge Multimor-
bidity Score (CMS) per patient within each practice. The
CMS is a validated, weighted index capturing disease
burden based on the presence of multiple long-term
conditions. It was derived using a large UK-based
primary care cohort (n=300,000) and has been recently
validated in two additional UK datasets'”.

Outcome variable definitions

This study will examine weekly and aggregated rates of second-
ary care use during flu and winter months (October to February)
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in relation
case-mix.

to general practice characteristics and patient

Research questions 1 & 2

The primary outcomes for research questions 1 and 2 are the
weekly rates of A&E attendances and hospital admissions
during the flu and winter months (October to February). Aggre-
gated winter-month rates may also be considered. Rates will be
reported per 100,000 registered patients at the general practice
and derived using:

e A&E attendances: Emergency Care Data Set (ECDS)
e Hospital admissions: Admitted Patient Care (APC) dataset.

Number of attendances or admissions
rate =

% 100,000
Registered patients at the practice

Research question 3

The secondary outcomes, aligned with research question 3,
are weekly rates of A&E attendance and hospital admissions
specifically for selected ACSCs: asthma, diabetes, COPD
(including bronchitis), hypertension, and angina (Table 3).
Aggregated winter-month rates will also be considered.

Statistical analysis

Research question 1

Research question 1 will describe variation in hospital attend-
ance and admission rates across practices. We will summarise
general practice characteristics, including registered patient
sociodemographics and case-mix. These characteristics will
be described at the start of each flu and winter period. Median
and interquartile ranges or means with standard deviations
will be presented, as appropriate. Missing data will also be
summarised for each exposure variable. Primary care consul-
tation provision rates (defined in Table 1) will be presented
overall and stratified by patient characteristics (e.g. age bands,
sex, CMS quintiles) and practice-level factors (e.g. region).

Secondary care rates (defined in Table 1) will be described
over the entire flu and winter months to illustrate patterns and
variations over time. Rates for hospital admissions and A&E

Table 3. Outcomes and data sources.

Outcomes Secondary care (ICD-10,
see Extended data)'®
Asthma ICD10: asthma

COPD, including bronchitis  ICD10: COPD

Diabetes ICD10: diabetes

Hypertension ICD10: hypertension

Angina ICD10: angina

Note: For each ACSC, the outcome is defined as the weekly rate
of A&E attendances or hospital admissions for the condition,
per 100,000 person-weeks at the practice level. All outcome
variables are continuous.
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attendances will be presented separately; hospital admission
rates will be further categorised by ACSC or non-ACSCs
admissions.

We will additionally describe the distribution of general prac-
tice characteristics for practices with and without ACSC-related
admissions. This output will illustrate how these characteristics
differ by ACSC and non-ACSC admissions (see Table S1 in
Extended data)'®.

Research question 2

To address research question 2, we will examine the associa-
tions between general practice-level characteristics, registered
patient case-mix, and the rates of A&E attendance and hospital
admissions (see Figure S1 in Extended data)'. The choice of
regression model will be informed by the distribution and shape
of the outcome data. We will initially explore the suitability
of linear models and, if necessary, evaluate alternative model
forms such as Poisson or negative binomial models. We will
also account for the correlation structure of our longitudinal
outcome data by using general estimating equations (GEE). The
final choice of model form will be selected based on the data
structure and goodness-of-fit testing. As a sensitivity analysis
to the main analysis, we will fit a mixed effects model to our
data, to capture general practice-specific variability (e.g. through
random effects).

Research question 3

To address research question 3, we will repeat the analyses
described for research question 2 with ACSC-related hospital
admissions and A&E attendances as outcomes, and separately
for non-ACSCs. This will allow us to explore whether asso-
ciations between practice characteristics and secondary care use
differ for potentially avoidable admissions.

Subgroup analysis

We will conduct subgroup analyses restricted to practices
with a high proportion of patients in specific age groups: O to
<5 years; 5 to <15 years; 65 to <75 years; 75 to <85 years; and
285 years. High proportion will be defined empirically using
the 95th percentile of the distribution across practices for
each age group. These analyses will explore whether associa-
tions vary across practices with differing age compositions and
will be conducted for the post-pandemic period only as more
recent findings will have greater policy relevance for health
system planning.

Sensitivity analyses

We will compare outcomes defined using our primary time
window (October to February) with those based on the flu season
as defined by the UK Health Security Agency (UKHSA), since
the timing of flu activity can vary across years. This will allow
us to evaluate whether our fixed study period adequately captures
true seasonal flu activity, and whether any potential mismatch
meaningfully affects observed rates of secondary care use.

We will also flag, and account for weeks affected by unsta-
ble external factors, such as extreme weather events or public
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holidays, which may influence secondary care use. Weeks with
severe weather will be identified using the UK Met Office’s
National Severe Weather Warning Service (https://www.google.
com/url?q=https://www.metoffice.gov.uk/research/library-and-
archive/publications/national-severe-weather-warning-service).

Patient and Public Involvement and advisory input

We formed a Patient and Public Involvement and Engagement
(PPIE) advisory group to provide feedback throughout the dura-
tion of this project. The group comprised seven people from
across England with lived experience of accessing primary and
secondary care services, including some members with mul-
tiple long-term conditions. We first met online in February
2025 to discuss this research. The advisory group members pro-
vided helpful input based on their experiences. For example,
they suggested accounting for the impact of severe weather
events and holiday weekends in our study, which we have now
incorporated into our sensitivity analyses. We paid the members
for their time, following NIHR guidelines.

Study status and dissemination

We are currently finalising data management and wrangling for
this study. The study population has been defined, and all nec-
essary variables have been created. Data checks are ongoing.
We plan to begin the analysis described here during the week
commencing 10 June 2025.

Data management has been carried out using ehrQL (Electronic
Health Records Query Language; more information available
at https://docs.opensafely.org/ehrql/), with analyses conducted
using R version 4.5.0 and Stata version 19.0. All code is openly
shared under an MIT open license to support transparency
and reuse. Once the analyses described in this document are
complete, all data management and analysis code will be
archived at: https://github.com/opensafely/WinterPressuresDe-
scriptive/. Clinical and medicines codelists used in this study are
openly available at https://codelists.opensafely.org/.

Discussion

This protocol outlines a large-scale, population-based cohort
study designed to investigate the relationship between general
practice characteristics, registered patient case-mix, and sec-
ondary care attendances and admissions during winter months,
both before and after the COVID-19 pandemic. Leveraging the
OpenSAFELY-TPP platform, we will examine data from approxi-
mately 2,600 general practices across England, representing
over 40% of all practices and nearly 43% of the national popula-
tion. This provides a unique opportunity to explore real-world
variation in healthcare use and to generate evidence that may
inform service planning and policy. These insights may also
help to identify modifiable practice-level drivers of high hos-
pital use, particularly for ACSCs, where timely and effective
primary care has the potential to reduce avoidable admissions.

As this is not a patient-level cohort analysis, we have treated
all exposure variables as time-invariant, measured on or
before the start of each winter period. This approach reflects
the assumption that key practice-level characteristics — such
as patient age structure, multimorbidity burden, or smoking
prevalence — are unlikely to change substantially in the short
term. This allows for consistent comparisons across flu seasons
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while capturing meaningful differences in practice context and
case-mix.

Although consultation provision rate is a practice-level
measure, it is derived from patient-level data, and the composi-
tion of registered patients can fluctuate throughout the year as
individuals join or leave practices. To reflect underlying prac-
tice activity rather than short-term fluctuations, while ensuring
a stable estimate of routine activity, we will calculate monthly
consultation provision rates (defined as the number of consul-
tations per 1,000 registered patients each month) and aggre-
gate them over the 12 months prior to each winter period. This
approach balances temporal accuracy and stability, providing
a more representative estimate of usual practice workload,
and avoiding bias from short-term variation or seasonal spikes
in demand.

To maximise sample size and preserve representativeness, we
have not applied a 90-day prior registration requirement for
patients. While such thresholds are often used in patient-level
studies to ensure completeness of individual records following
registration, our focus is on practice-level characteristics and
demand. Excluding patients based on short registration dura-
tions could omit relevant workload pressures — particularly for
times or areas of high population movement — and is therefore
not necessary for this descriptive practice-level analysis.

A key strength of this study is the inclusion of both
pre-pandemic and post-pandemic time periods. We have chosen
to define the post-pandemic period as April 2022. Although
the World Health Organization officially declared the end of the
global COVID-19 public health emergency in May 2023, our
earlier start date better reflects the situation in the UK. From
February 2022, health services in the UK adopted a “living
with COVID-19” policy, and service delivery in both general
practice and hospitals began operating under more routine
conditions"”. The COVID-19 pandemic may lead to substantial
and lasting changes in both primary and secondary care®.
Defining one cohort for each post-pandemic year allows us to
better describe and compare how the relationship between gen-
eral practice context and secondary care use may have changed
across the post-pandemic era. These findings will support a
better understanding of how structural and case-mix factors
contribute to winter pressures and inform future health service
planning.

We have incorporated feedback on study design from our PPIE
advisory group, for example, identifying relevant exposures
and sensitivity analyses (such as accounting for extreme weather
or holiday weeks). This feedback has helped ensure that our
research questions and analytic approach are grounded in
real-world experiences, and that our findings will be appli-
cable to health policy and clinical practice. We will continue
consulting with our advisory groups throughout the study.

In summary, we have outlined a protocol to explore the charac-
terisation of variation in winter-time secondary care use across
English general practices and identify potential practice-level
drivers of higher or lower service demand. The results may
support future interventions aimed at improving integra-
tion between primary and secondary care, reducing avoidable
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hospital use, and enhancing preparedness for seasonal healthcare
pressures.

Ethics and information governance

Ethics approval received from HRA and Health and Care
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Data availability
Underlying data

No underlying data are associated with this article.

Extended data
Zenodo:  Extended_data_GP_characteristics_and_hospital_use
protocol_16072025.docx .

https://doi.org/10.5281/zenodo.15983958
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?  Ulrik Bak Kirk

Aarhus University, Aarhus, Denmark

Thank you for the opportunity to review this protocol. This is a timely, well-constructed, and policy-
relevant study that addresses a question of clear importance to health-system planning in
England: how variation in general practice characteristics and registered patient case-mix relates
to secondary care utilisation during winter pressures, across pre- and post-pandemic periods.

The protocol is clearly written, methodologically robust, and makes excellent use of the
OpenSAFELY-TPP platform. The rationale, data sources, exposure definitions, and analytic
framework are described in detail to allow replication. The inclusion of both overall and ACSC-
specific outcomes, and of pre- and post-pandemic cohorts, is a major strength. I also commend
the authors for their clear commitment to transparency (open code, code lists, and analytic plans)
and for the meaningful involvement of a PPIE advisory group.

I have a small number of comments and suggestions that may help further clarify the study’s
intent and enhance interpretability:

1. While the abstract clearly conveys the context and methods, it would benefit from a more
explicit statement of the overall study aim in a single sentence

2. The rationale for including only one pre-pandemic winter (2018-19), compared with two post-
pandemic winters, would benefit from clearer justification.

3. The protocol would benefit from a slightly more explicit description of the analytic unit (practice-
week observations) and how repeated weekly measures within practices and within winters are

handled in the regression models.

4. The intention to explore differences by age is appropriate, but there is some ambiguity in the
phrasing of research questions 2 and 3.

5. Although the descriptive and ecological nature of the analysis is implicit throughout, it would be
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helpful to state this more explicitly in the discussion.

6. Given substantial variation in age structure between practices, the suggestion to consider
presenting age-standardised descriptive rates alongside crude rates is sensible and would likely
enhance interpretability of between-practice variation, even if regression models already adjust
for age composition.

7. Many exposure variables (age structure, multimorbidity, deprivation, smoking, obesity) are
plausibly correlated. A brief statement on how multicollinearity will be assessed (e.g. variance
inflation factors, correlation matrices) and how this will inform model specification would further
strengthen the analysis plan.

8. Clarifying how practice closures or mergers occurring during a winter period will be handled,
particularly with respect to denominators and attribution of weekly outcomes, would improve the
reproducibility and interpretability of rate calculations.

9. The background refers primarily to unplanned admissions, while the methods refer more
generally to hospital admissions. Clarifying whether admissions are restricted to
emergency/unplanned admissions would help align background, rationale, and outcome
definitions.

10. The justification for using consultation provision rates aggregated over the preceding year is
clear and reasonable. However, the discussion could briefly acknowledge that seasonal surges in
consultation demand might themselves be of interest and could plausibly relate to acuity and
downstream hospital use.

Is the rationale for, and objectives of, the study clearly described?
Partly

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: General practice, digital health, implementation

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.
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© 2026 Atkin C. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

?

Catherine Atkin
University of Birmingham, Birmingham, UK

This article describes a protocol for an analysis of primary and secondary care data, accessed
using the Open_SAFELY platform, aiming to identify associations between practice level factors (at
level of GP practice) and rates of hospital attendance and admission.

The protocol provides a good background to the question, and overall provides a clear
explanation of the rationale and intended analysis approach.

There are a few points that could be improved or clarified:

o The objectives are explained, but there are research questions 2 &3 would benefit from
some clarification. They both discuss comparison over time, which is clearly explained,
however they say “Have these associations changed over time" “by patients’ age”. The
explanation of this subgroup analysis in the statistical analysis section is clearer, and
clarifies that this is not changes by patients age, but comparison between practices with
high proportions of patients at extremes of age (i.e. practice level, not patient level;
stratified, by age group). This should be explained more clearly in the research questions (or
removed from the questions and discussed elsewhere).

> The abstract would benefit from clearly stating the overall aim of the study - it is alluded to,
but not clearly stated.

o The dates for the study are explained as being divided into two time periods (pre and post
pandemic), with pre-pandemic definition given as Jan 2018 to March 2020, however then
there is only one pre-pandemic time period (Oct 2018-Feb 2019). Was there a reason why
Oct 2019-Feb 2020 was not included, given that it falls within the defined ‘pre-pandemic’
period?

o The background discusses the rise in unplanned hospital admissions causing increased
pressure. The remainder of the manuscript discusses ‘hospital admissions'. Is this restricted
to unplanned/emergency admissions, or is this all admissions? If elective admissions are
included, will this potentially cause underestimation of the increase in unplanned
admissions (if elective care may decrease in times of increased pressure e.g. peaks of winter
pressure)?

> It may be useful to clarify that when you are looking at admission reason, how this is
defined, i.e. the primary diagnosis.

> The methods state “We will additionally describe the distribution of general practice
characteristics for practices with and without ACSC-related admissions”. This doesn't match the
explanation in the following sentence, or the linked supplementary table, which discuss
comparing practice level characteristics between non-ACSC and ACSC admissions. Is it
comparison between practices, or comparison between admissions? If the comparison is
between practices, then how will practices ‘without’ ACSC-related admission be defined? Is it
likely that there will be practices with no ACSC related attendances or admissions (given that
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some admissions for asthma & COPD may not be completely avoidable).

o The background contains reference to a Department of Health figure (given in brackets),
but this is not in the reference list.

> The methods has a PPI section, which is positive. As this is a protocol for the study, it would
be useful to include some information about the planned PPI activity or engagement that
will take place in the study, in addition to what PPI has already contributed.

o The discussion provides a fairly clear rationale for why consultation rates have been taken
as an average over the year, but does say that this approach has partly been taken to avoid
‘seasonal spikes in demand'. Have you considered how the seasonal spikes in demand
might be beneficial to consider, for example how increases in demand might be associated
with changes in acuity of illness, resource availability to individual patients, and with
increased secondary care use, e.g. emergency department attendances.

Is the rationale for, and objectives of, the study clearly described?
Partly

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Acute medicine, particularly admission pathways for unplanned medical
admissions. This includes use of routinely collected electronic health record data to assess acute
care pathways within secondary care.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Reviewer Report 08 January 2026
https://doi.org/10.21956/wellcomeopenres.26857.r142662
© 2026 Khan M. This is an open access peer review report distributed under the terms of the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

+"  Moien Khan
United Arab Emirates University, Al-Ain, United Arab Emirates
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Thank you for the opportunity to review this protocol. It addresses an important and timely
question, and the overall rationale, objectives, and use of the OpenSAFELY platform are clearly and
convincingly presented. The study design is appropriate for the research questions, and the
protocol is well aligned with current priorities around winter pressures and health-system
planning.

A few minor points may help to further enhance clarity and strengthen the protocol:

1.

10.

11.

The rationale for examining both overall and ACSC-specific attendances/admissions is clear
and well justified, with good alignment between aims, research questions and planned
analyses.

. It would help readers if the choice of winter seasons were explained more fully, especially

why only one pre-pandemic winter (2018-19) is used compared with two post-pandemic
winters.

. The unit of analysis and time structure for the regression models (practice-week

observations, correlation structure for GEE, handling of seasons) could be described a little
more explicitly.

. Given large differences in age structure between practices, the authors may wish to present

age-standardised descriptive rates alongside crude rates to aid interpretation of
between-practice variation.

. Many exposure variables are likely to be correlated like age mix, multimorbidity,

deprivation; a brief note on how multicollinearity will be checked and handled would
strengthen the analysis plan.

. The decision to treat practice-level exposures as time-invariant is reasonable, but it would

be useful to emphasise that the study is primarily describing differences between practices
rather than changes within practices.

. Clarification on how practice closures and mergers during a winter period will be handled

(for both numerators and denominators) would make the denominators and rate
calculations easier to follow.

. The ACSC code lists and outcome definitions are clearly referenced in the extended data; a

short statement that these follow established definitions would reassure readers about
comparability.

. The representativeness paper for OpenSAFELY-TPP is cited; summarising in one or two

sentences how TPP practices compare with all English practices would help readers judge
generalisability.

The description of PPIE is excellent; it might be worth highlighting in the abstract or
discussion that patient/public input directly shaped sensitivity analyses like holiday periods
and extreme weather.

The discussion could briefly restate that this is a descriptive, ecological analysis and that
associations between practice characteristics and hospital use should not be interpreted
causally but as hypothesis-generating.

Is the rationale for, and objectives of, the study clearly described?

Yes

Is the study design appropriate for the research question?

Yes
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Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Health and Wellness, Primary Care, Global Health , Lifestyle medicine

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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